
L9
.&
m
C9

-4
w. c

t

1“
“1

..““{

NATIONALADVISORYCOMMITI’EE
FORAERONAUTICS

TECHNICALNOTE3174

INFLUENCEOFAIRFOILTRAILINGEDGEANGLEANDTRAILING-
EDGE-THICKNESSVARIATIONONTHEEFFECTIVENESS

OFA PIAIN FLAP AT HIGHSUBSONIC
MACHNUMBERS

ByAlbert D. HemenoverandDonaldJ. Graham

AmesAeronautical
MoffettField,

Laboratory
Calif.

Washington
June1954



TECHLIBRARYKAFB,NM

.K llllllllllllllllllllul[ll
0DL583L

NATIONALADVISORYcohwm FORAerOnaUtiCS

TECHNICALNO’lZ3174

INJ?LUENCEOFAIRFOILTRAILING-WEANGLEANDTR.KELING-
EDGE-THICKNXSSVARIATIONON THEEFFECTTK!3NESS

Theeffects
thicknesson the
symmetricalNACA

OFA PLAINFLAPAT HIGHSUBSONIC
MACHNUMBERS

AlbertD. HemenoverandDonaldJ.Graham

SUMMARY

ofvariationoftrailing-edgeangleandtrailing-edge
liftcharacteristicsof a 10-percent-chordthick
airfoilsectionwitha 25-percent-chordplainflapare

appraisedfromwind-tunneltestsatMachn~bersfrom0.3to0.9and
Reynoldsnumbersvaryingcorrespondinglyfrom1 to2 million.Theair-
foiltrailing-edgeanglewasvariedfromapproximately18°to &, andthe

.- trailing-edgethicknessfromzeroto thethicknessat theflaphingeline.

. Reductionofthetrailing-edgesingledecreases,atmoderateangles
ofattack,thelossofflapeffectivenessforsmalldeflectionsordinarily
notedathighsubsonicMachnunibersforairfoilsof conventionalprofile.

—a At zeroangleofattack,reductionof thetrailing-edgeanglehasno
effectonthevariationofflapeffectivenesswithMachnumberbuthas
thefavorableresultofdecreasingtherangeofflapdeflectionsfor
whichtheeffectivenessis zeroornegative.

An increaseof theairfoiltrailing-edgethicknessresultsinan
increaseofflapeffectivenessatvirtuallyallMch numibers.The
resultsindicatefurtherthat,at zeroangleofattack,an increaseof
trailing-edgethicknesspromotes,in general,an increaseoflifteffec-
tivenessfromthelow-speedvaluein therangeofMch numibersforwhich
theeffectivenessofa sharptrailing-edgeflapdecreasesshsrply.
Fortheparticularthickenedtrailing-edgeflapsinvestigated,however,
thevariationofeffectivenesswithMachnumberwouldappeartobe
undesirablylsrge.

INTRODUCTION

k
Theinfluenceoftwoelementsofairfoilgeometry,trailing-edge

angleandtrailing-edgethickness,onthe1~ characteristicsofairfoil
4
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●

sectionsandtheeffectivenessoftrailing-edgecontrolsurfacesat
transonicMachnumbershasrecentlybecomethesubjectofconsiderable
interest.In theinvestigationofreference1, theaero@mmic *
characteristicsofan airfoilsection10-percentchordthickatMach
numbersfrom0.3to0.9weredeterminedfortrailing-edgeanglesof6°,
12°, and18°. Thefirstpartofthepresentinvestigationextendsthis
studytoan appraisaloftheeffectsof thistrailing-edge-anglevariation
on thecharacteristicsofthessmeairfoilsectionwitha 25-percent-chord
plainflap.

Thesecondpartoftheinvestigationwaspromptedby reportsfrom._
free-flightinvestigationsofgenerallyimprovedeffectivenessat tran-
sonicMachnumbersofaileronswiththickenedtrailingedgesas compared
tothatof sharptrailing-edgesurfaces.TO examinetheeffectsof
trailing-edgethicknesson thevariationofflapeffectivenesswithMach
numiberz thecharacteristicsoftheairfoilsectionof thetrafiing-edge-
anglestudyweredeterminedwith25-percent-chordplainstraight-sided

.;

flapshavingtrailing-edgethicknessesequal.to,andone-halfof,the
-,

thicknessattheflaphingeline. i“t.
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NOTATION

chordofairfoil .—

section

section

section

airfoil

●

dragcoefficient

liftcoefficient r,.4
4

pitching-momentcoefficientaboutthequarter-chordpoint .

trailing-edgethickness

.Machnumber

Reynoldsnumber

trailingedge

airfoil-sectionthicknessat0.75c

sectionangleofattack>degrees

flapdeflection,degrees

sectionflap-effectivenessparameter,rateofchangeof
sectionliftcoefficientwithflapdeflectionat constanta.
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AIRFOILDES2RIPKtON

Thebasicairfoil-thicknessdistributionfortheinvestigationwas
thatofthemodifiedNACAfour-digitseries(seereference2)with
maximumthicknessat the40-yercent-chordstation.Thisthickness
distributionpermitstheprofileaftofthemaximum-thicknesslocation
tobe changedsufficientlytoprovidethedesiredvariationin trailing-
edgeanglewithoutchangingessentiallytheforwardportionofthe
airfoilsection.Theprofilesinvestigatedareillustratedinfigure1
andaredesignatedasfollows:

Trailing-
Profile EdgeAngle

IWCAOO1O-O.7O40/1.575 17*9°
NAcAoolo-o.7040/1.051 u“
NACAOO1O-O.7O40/o.524 6°
NACAOO1O-O.7Ok/1.~~ (Mod.A) o
NAC!AOO1O-O.7O40/1.575(Mod.B) 7.;0

The first fourdigitshavethesanesignificanceas theairfoildesigna-
tiongiveninreference2 andspecifythecsaiberandmaximumthickness
oftheprofile.Thedecimalntier followingthedashistheleading-
edge-radiusindex;theleading-edgeradiusasa fractionof theairfoil. chordisgivenby theproductoftheradiusindexandthesquareof the
thickness-chordratio.Thetwodigitsimmediatelyprecedingtheslant
representthelocationofmaximmnthicknessinpercentof thechordfrom=
theleadingedge. Thelastdecimalnumberisthetrailing-edge-angle
index,theanglebeingtwicethearctangentof theproductofthe
an$!leindexandthethickness-chordratio.

Forthetrailing+dge+hicknessstudy,theprofilesconsistedof
lWCA0010-0.7040/1.575airfoilsmodifiedaftofthe7>percent-ohord
point. Modificationconsistedofthesubstitutionofa parallel+ided
sectionofthicknessequaltothatat the-percent-chordstationfor
thenormalcontouraftof thispoint.Modificationwasformedby
substitutingforthenormalprofilea straigh~idedsectionwith
trailing+dgethicknessequalto on+halfthatat the7>percenKhord
station.

Thecoordinatesfortheairfoilsoftheinvestigationarelistedin
tablesI toV.
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APPARATUSANDTESTS

Thetestsweremadein the Ames 1-by 3-1/2-foothigh-speedwini
tunnel,a two-dimensional-flowwindtunnelofrelativelylowturbulence
level.

Five6-inch-chordairfoilmodelswereconstructedofaluminum
alloyforthetests.Themodelscompletelyspannedtheshortdimension
ofthewind-tunneltestsection.Endleakageatthemodelwasprevented
by theuseof contouredsponge-rubbergasketscorupressedbetweenthe
endsofthemodelsandthetunnelwalls.Flapdeflectionwassimulated
by progressivelybendingtheaft25percentoftheprofilethrougha
totalangularrangeofasmuchas16°. Foreachoftheprofiles,the
thicknessatthe75-percent-chordposition(representativeofthehinge
lineofan actual25-percent-chordplainflap)wasrelievedto facilitate
thebending.Surfacecontinuitywaspresenedbyfillingtheresultant
gapwithglazingputty. ‘j

Measurementsoflift,drag,
-,

andpitchingmomentweremadeatMach
numbersfrom0.3toashighas 0.9forthevariousmodelsatanglesof :/
attackrangingingeneralfrom-2°to12°. Flapdeflectionwasvariedby i,
smallincrementsfromapproximately-1°toapproximately6°forthe
greatestpartof theinvestigation.In thecaseof theNACAOO1O-O.7CI
40/1.575section,thedeflectionswereextendedinthepositivedirection
toapproximately14°.

a_;
Itwasnotpossible,by themeansemployed,to

obtainuniformincrementsofflapdeflection.Sufficientdatawere
obtained,however,topermit,withreasonableaccuracy,thedetermination a ;’
oftheeffectivenessof thevariousflapsforsmalldeflections. =“

Liftandpitchingmomentsweremeasuredby a methodsimilartothat
describedinreference3 fromintegrationsofthepressurereactionson
thetunnelwallsoftheforcesontheairfofls.I&agwasdetertir]ed
fromwake-surveymeasurementsmadewitha rakeoftotalheadtubes.

Thevariationof ReynoldsnumberwithMachnumberforthetests
isillustratedinfigure2.

RESULTSANDDISCUSSION

Sectionliftandpitching-momentcoefficientsat constantangles
ofattackarepresentedasfunctionsofMachnumberforthevarious
profilesandflapdeflectionsinfigures3 to12. Dragcoefficients

.—

forthesharptrailing-edgeairfoilsectionsaresimilarlypresentedin
figures13 to15. Thedragcharacteristicsofthethickenedtrailing-edge d

—

t
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airfoilsarenotincludedinthereport.Schlierenobservationsdis–
closedtheexistenceof stronglydevelopedKarmanvortexstreetsin the
wekesofthesesections,andweketotalpressuremeasurementsmadeunder
suchconditionshavebeenfoundtoyielderroneousdragresults.Section
liftcoefficientsasfunctionsofan@e ofattackforconstantMach
zmmbersandflapdeflectionsareshowninfigures16to 20forthe
variousairfoilsections.

Allthecharacteristicshavebeencorrectedfortunnel+rall.inter-
ferenceby themethodsofreference4. DashedHnes havebeenusedin
figures3 through20 to irdioatetheregionof possibleinfluenceof
wifi-tunnelchokingontheresults.

Thepitching+nomentanddragcharacteristicswillnotbe analyzed
inasmuchas theobjectof thepresentinvestigationisto determinethe
lifteffectivenessofa plelnflapas affectedby variationsof the
trailing-edgegeometry.

Thevariationsof sectionliftcoefficientwithflapdeflection
at constantanglesofattackforvariousMachnumbersareillustrated
infigures21 to23,res~ectively,fortheprofileshavingtrailing-edge
anglesof17.9°,12°,and6°,andinfigures24and25,respectively,
forthesectionswithtrailing-edgethicknessequalto,andone-halfof,
thethicknessat theflaphingeltie. Theslopesdcl/d&fof these
curvesat zeroflapdeflectionprovidea measureofflapeffectiveness

● andarepresentedinfigure26 asfunctionsofMachnumberforangles
ofattackof0°,4°,and6°.

*
Focusingattentionfirstupontheairfoilswithsharptrailing-edge

flaps,itisnotedfromfigure26 thattheeffectsoftrailing-edge-
anglevariationareconfinedtoMachnumbersabove0.75. At zeroangle
ofattack,an abruptlossofeffectivenessbeginningat a Machnumberin
thevicinityof0.8isevidentforallthreetrailing-edgeangles.!I%e
interestingfeatureoftheresultsinthiscaseistheverysmallbenefit
derivedfrcmreductionof thetrailing-edgeangleeventoa valueas
lowas 6°.

Fromschlierenphotographs(fig.27)of theflowffeldsaboutthe
modelsata~roximately0.88Machnmher andzeroangleof attackand
flapdeflection,it isnotedthattheflapslayentirelywithinthe
regionof separatedflowtitofthecompressionshockson theairfoil,
andthereforecoulddevelopvirtuallyno liftingpressures.A Shd.hW
observationwasmadeby G6thertinreference5 frompressure~istribution
measurementsfora 9-percent-thickairfoilsection.It wouldbe antici-
patedfroma studyof theflowfieldsthatathigheranglesofattack
orlargerflapdeflectionstheflapswouldagainbecomeeffective.
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Furthermore,itwouLdbe expectedthat,‘byvirtueoflessextensiveflow
A

separation,theflapwiththesmalLesttrailing-edgeanglewoulddisplay
thegreatestimprovement.Theresultstofollo”wconfirmtheseexpectations. ~:

Inparts(b)and(c)offigure26 a successiveimprovementof the
variationofflapeffectivenesswithMachnumberwithreductionof the
trailing+dgeaagle$sindicatedat anglesofattackof4°and6°.
Evenat @ angleofattack,however,the17.9°trailing-edge-=@efl-aP
losteffectivenessforsmalldeflectionsat thehighestMachnumbers.

Anotherimportantaspectoftheproblemofcontrol-surfaceeffective-
nessistheextentoftherangeofdeflectionsforwhichthesurfaceis
ineffective.Figure28hasbeenpreparedtoillustratetheeffectof

—

airfoilprofileonthischaracteristic.Sectionliftcoefficientsas
functionsofflapdeflectionat zeroangleofattackareshownfor
eachprofileat thehighestMachnumbersof theinvestigation.Again
confiningthediscussionfirstto thesharptrailing-edgeflaps,itis
notedthatthe17.9°trailing-edge-angleflapat 0.875Machnumberis
relativelyineffectivefordeflectionsfromO0 toapproximately4°.
Theextentofthisineffectiverangeisseentobecomesuccessively
smallerwithreductionof thetrailing-edgeangleandisnotevident
forthe6° trailing-edgeangle.At 0.9Machnumbera favorableeffect
of trailing-edge-anglereductionisalsoevident.Forboththe17.90
andthe12°trailing-edgeanglesa reversalofeffectivenessOcCWsy
extendingto 4-1/2°deflectionfortheformerandtoapproximately
3°forthelatter.me 6°trafling-edge-angle.fkp isineffectiveUP to
3°deflectionbutexperiencesnoreversalof effectivenessat thisMach
number.

Fromtheseresultsit isevidentthatforconventionalairfoil
sectionssomeimprovementinflap-effectivenesscharacteristicsat
highstisonicMachnumbersmayordinarilybe e~ectedfromreduotionof
thetrailing+dgeangle.At anglesofattacknearzero,thesmallerthe
trailing+dgeanglethesmallerwillbe therangeofflapdeflectionsfor
zeroornegativeeffectiveness.At higheranglesofattack,thesmaller
thetrailing-edgeanglethelessadversewillbe theeffectsofWch
numberontheflayeffectiveness.

If nowthecaseoftrailing-edge-thicknessvariationis considered,
itis observedinfigure26thatthethickened.trailing-edgeflapsare
markedlymoreeffectivethanthesharptrailing-edgeflapsatallbut
thehighestMachnumbers.Thegreatereffectivenessisascribedtothe
factthatwithoutthetrailing-edgeclosuretheloadingontheflapdoes
notfallto zeroat thetrailingedgeas intheconventionalcase. The
hingemomentsoftheseflapscouldbe expectedtobe correspondingly
largerthanforthesharptrailing-edgeflaps.

—

A

fl
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e

At zeroangleofattack,intheMachnumberrangewheretheeffec-
tivenessof thesharptratiing-edgeflapscommencedto decrease,the
effectivenessofthethickenedtrailing-edgeflapsincreasedvery
sharply. Schlierenphotographs(fig.27)of theflowat0.88Mach
numberdiscloseverymuchsmallerregionsof separatedflowoverthe
blunttrailing-edgeflapsthanoverthesharptrailing-edgeflays.
(Theasymmetryof theshock-wavepatternforthemodelwiththethicker
trailingedgeisprobablyduetoa smallasymmetryintheairfoilmodel
whichis alsoevidentintheliftcurvesoffig.6 (c)).Betweenthe
Machnunibersof0.88and0.9,thevalueof dc?/d&ffortheflapwith
trailing-edgethicknessequalto one-halfthethicknessat thehinge
linedroppedtovirtuallyzero,whereasthatfortheflapwithdouble
thistrailing-edgethicknessapparentlycontinuedtoincrease.A
virtuallyinfiniteslopeofthecurveoflfitcoefficientas a function
offlapdeflectionat zerodeflectionis indicatedinfigure28 at0.9
Machnumberforthelatterflap. In eithercasethevariationofeffec-
tivenesswithMachnumberisundesirablylargeand,fromthestandpoint
ofairplanecontrollability,possiblyevenmoreudavorablethanthat
forthesharptrailing-edgeprofiles.

Withincreasingangleofattack(cf.parts(a),(b),and(c)of
fig.26),thevariationwithWch numberof theeffectivenessofthe
blunttrailing-edgeflapsbecomesmuchlesssevere,butis stillcon-
siderablygreaterthanforthesharptrailing-edgeflapswithsmall
trailing-edgeangles.

CONCLUDINGREMARKS

I?Yoma wind-tunnelinvestigationatMachnubersfromO.3to0.9
(1to2 millionReynoldsnumber)oftheeffectsof trailing-edge-angle
variationfrom18°to &, andtrailing-edge-thicknessvariationfrom
zeroto thatat theflaphingeline,onthelifteffectivenessofa
25-percent-chordplainflapona 10-percent-thickairfoilsection,the
followingspecificconclusionsme drawn:

1. Reductionofthetrailing-edgeangledecreases,atmo~rate
anglesofattack,thelossofflapeffectivenessforsmall deflections
athighsubsonicMachnunibers.

2. At zeroangleofattack,reductionof thetrailing-edgeangle
hasno effecton thevariationofflapeffectivenesswithMachnumber
buthasthefavorableresultofdecreasingtherangeofflapdeflections
forwhichtheeffectivenessis zeroornegative.

3. A generalincreaseofflapeffectiveness.ispromotedbyan
increaseof trailing-edgethickness.Theincreaseisascribedtothe
factthattheloadingon thethickenedtrailing-edgeprofilesdoesnot
fallto zeroat thetrailingedgeas isthecaseforsharptrailing-edge
profiles.



4..At zeroangleofattack,
-

an increaseof trailing-edgethickness “
results,ingeneral,inan increaseoflifteffectivenessfromthe
low-speedvalueintherangeofMachnumbersforwhichtheeffectiveness A
ofa sharptrailing-edgeflapusuallydecreases.Fortheparticular
thickenedtrailing-edgeprofilesinvestigated,however,theover-all
variationofeffectivenesswithMachnumberissolargeas tobe dis-
tinctlyunfavorablefromthestandpointofairplanecontrollability.

Itwouldappearfromtheresultsofthisinvestigationthatthe
variationwithMachnumberoftheeffectiwnessofa plainflapcannot
be satisfactorilycontrolledby variationof suchparametersas the
trailing-edgeangleandthetrailing-edgethicknessindependently.In
ordertomaintaina satisfactorydegreeofflapeffectivenessthroughout
thesubsonicMachnumberrangeby variationofairfoilgeometry,the
airfoilshapeshouldbe suchastopreventflowseparationfromthe
surfaceappreciablyaheadofthetrailingedge. ‘Ibiscanreadilybe
accomplishedbyplacingtheairfoilmaximumthicknessat thetrailing
edge,buttheattendantpenaltyindragwouldbe large.Toapproach
thedesiredobjectiveforan airfoilonwhichsomepressurerecoveryis
to bemadeaheadofthetrailingedge,presentindicationsarethat :,

theprofileshouldembodysometrailing-edgethicknessincon@nction
—1
-~

witha relativelysmalltrailimg-edgeangle.

It shouldbeborneinmindthatforReynoldsnumberssubstantially
largerthanthoseofthepresentinvestigationtheforegoingconclusions A

mightbe considerablymodified.

Ames AeronauticalLaboratory,
National.AdvisoryCommitteeforAeronautics,

MoffettField,Calif.
—
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NACA 00/0 -0.70 40/L575 sect!on

%E. Angle, IZ90

A!ACA 0010-0.70 40/405/ section

ZE. Angle, /2°

NACA 00/0-0.70 40/0.524 section

Z E. Angie,60

I +
t.75C i

‘+t

AktCA0010-0.70 40/1575 section(modficofionA)

h/~75c=40

I

IVACA00/0-0.70 40/L575 section(mod?%ofionB)

M75= =0.5 ~

Figurek- Airfoilprofileswith25-percent-chordplainflups.
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Mach numbe~M

(0)+, -1.4”
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II
4.5.6 .7 B.9L0
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lx

1P

. .

I I I I I I I I I 1 .,, , ,

:6 1
..? .3 H.6 .6.7.8 .9L0

hkwhmmbu, M

(d) +, O.@

Figure 3.- Variationof sectionlift coefficientw?h Mach numberd vorhusangles
of oftack for the A!AGA00/0-0.70 40/L5Z5 oirfoil sectionwith a 25-percent-
&ord ploihflop.
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74 I I I I I t I I I I I I I I I
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(*) +, 1.4!

Mach number,M

(f) 8t, 23”

Web number,M hbch number,M

(0) +, 3.4” (h) +, .7.9°

Figure 3.- Continued.
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Atach mmber, M

{0 Jf, 4.6” ()) +, 6.1”

440W44=LDL

Mmbmmb#r* m

(kJ +, 6.6”

Mad number,M

(i) +, 8.1”

Figkve 3, - Conff’nued.
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Figure 3.- Concluded.
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Mach numb#r,M
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-% .3
I

ds .6.7.69 10
Uocb numbfr,M

(b) +, -0P

.-
.P .34.5.6.7 .8 .61.0

Mach number, M

W+, 09

figure 4.- Variationof s9cfionfift coefficient witi Muchnumkr ot wrkws mgles of
attack for the NACA 00/0 -0.70 40/1051 oirfoil sectkm withu 25-percent-
chordploin flop.
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Noah number,Al hfacb number,M

Much Iwmbw,M

(9)+, 3.0” (h)+, 3.7”

Figure 4.- Gontihued.
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Figure 4.- Concluded.
s

.



20 NACATN 3174

Mach namber,M

(0) + -t.e”

:2.3 .4.5 .6”.7 .8-.8L0
Mach number, M

(0) +, o“

Figur&5.- Vuriatimof
attack fdr the A!ACA
chordpluin flap.

Mach number,M

{4+ , 0.5” v
sectionlift coefficientwithMoth wmber at voriousanglesof
00/0 -0.70 40/0.524oi~il sectim witha 25-pe~ent -

.

.

r“

;



NACATN 3174 21

Machnumber,M

(8)+ , f.2”

I I r I 1 I I 1 1 1 .

W.,.
tiiiiiii iii..~

.2.34 .S.6J B91.O

“

L4

Q?

40

&

Mach number,u

(V) at, 3.4”

Figure5.-
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Mach number,M

(0) +, -l..?*

4taeb nmbw, hf

(=)+, O*

(b) +, -0.4”

I

Figure6.- Vorlotionof secfioni’iff coefficientwith Moth numberot varhs angles
of affackfor the IVAGA0010-0.70 40/1575 (modificationA) ui~l sectionw%!’
a 25-percenf - chordplain”flap.
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